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E&V Reference Manual, Version 1.0

EXECUTIVE SUMMARY

> The Ada community, including government, industry, and academic
personnel, needs the capability to assess APSEs (Ada Programming Support
Environments) and their components and to determine their conformance to applicable
standards (e.q., DoD-STD-1838, the CAIS standard).” The technology required to fully
satisfy this need is extensive and largely unavailable; it cannot be acquired by a single
government-sponsored, professional society-sponsored, or private effort. *The purpose
of the APSE Evaluation and Validation (E&V) task is to provide a focal point for
adqressing the need by:

(1) Identifying and defining specific technology requirements,
(2) Developing selected elements of the required technology,
(3) Encouraging others to develop some elements, and

(4) Collecting information describing existing elements. .

This information will be made available to DoD components, other government
agencies, industry and academia.

> The purpose of the E&V Reference Manual {this document) is to provide
information that will help users to:

(1) Gain an overall understanding of APSEs and approaches to
their assessment,

(2) Find useful reference information (e.g., definitions) about
specific elements and relationships between elements, and

(3) Find criteria and metrics for assessing tools and APSEs, and
techniques for performing such assessment. o

The latter are to be found (or referenced) in a companion document called the E&V
Guidebook.
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\%.‘,hapter 4 and later chapters are “forma! chapters” built around a
standard format and formal grammar. Each of the formal chapters corresponds to one
index of an overall E&V Classification Schema. The schema adopts a relational model
of the subject and process of E&V. This model will allow the user to arrive at E&V
techniques through many different paths, aqd provides a means to extract useful
information along the way. [ccccovdls; ATA [Vegraw ) Lovguas, -

Cc'*v“/‘u ten Iorc'? v e D&cu ric (Yoo VL«'ML, { )

Yearly updates and extensions to this manual are planned. Therefore,
comments and suggestions are welccme. Please send comments electronically
(preferred) to szymansk@ajpo.sei.cmu.edu or by regular mail to Mr. Raymond

Szymanski, AFWAL/AAAF, Wright Patterson AFB, OH 45433-6543.
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E&V Reference Manual, Version 1.0

1. INTRODUCTION

1.1 PURPOSE OF THE MANUAL

This document is a product of the Ada Programming Support Environment
(APSE) Evaluation and Validation (E&V) Task sponsored by the Ada Joint Program Of-
fice. It is one of a pair of companion documents known as the E&V Reference Sys-
tem, consisting of:

° E&V Reference Manual
° E&V Guidebook.

The purpose of the Reference Manual is to provide a co!leqtion of information to sup-
port a variety of users. The collection is organized in accordance with a Classification
Schema described in Chapter 2. It should help users to:

° Gain an overall understanding of APSEs and approaches to
the assessment of APSE performance, quality and confor-
mance to applicable standards.

® Find useful reference information, such as definitions of spe-
cific elements of the Classification Schema, and relationships
between elements.

e Find criteria and metrics for assessing specific components,
combinations of components and “whole APSEs,” and lo-
cate relevant E&V techniques.

The Reference Manual includes many “pointers™ to sections in the Guidebook and
other documents which describe E&V techniques. Figure 1.1-1 illustrates the relation-
ship between the Reference Manual and the Guidebook. Figures 1.1-2 and 1.1-3 illus-
trate the types of information to be extracted from each document. Chapter 2
provides a more detailed description of the structure and uses of the Reference
System.

1-1
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Users Consult the Reference Manual to Extract: G-00924b -

or (2) Pointers to
Sections In the
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(1) Useful Guidebook... A2
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Manual :f-‘?
a
E&Y R
Guidebook
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]

...Which Provides information

About E&V Tools and e
Techniques b

==

Figure 1.1-1  Uses of the Reference System

1.2 USERS OF THE MANUAL

Classes of people who are expected to be users of this manual are listed
in Table 1.2-1. They are described in terms of their relationships to deliverable soft-
ware, tools, APSEs, and APSE E&V technology. They may be associated with Govern-
ment, industry, or academia. The table was adapted from material in the report of the
E&V Workshop [@ E&V Workshop 1984).°

R R B R =8 8

“The format used for references is associated with the “formal grammar” used
beginning with Chapter 4. See further explanations in Chapter 2 and Appendix C.

1-2
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Users consuilt Indexes in the Reference Manual G-00925

Reference
Manual

EXAMPLES of Types of Information Extracted:

¢ Organization of The Indexes
Hierarchical Structure and a Numbering System

(e.g., The Function Index . . . see Fig. 2.1-2)
o Names and Descriptions of Specific Elements within the Indexes
(e.g., The Compilation Function . . . see Figs. 2.1-2 and 2.1-3)
¢ Cross References Between Elements of the Indexes

(e.g.. The Function ‘'‘Compilation’’ is Cross Referenced to
Phases and Tools . . . see Fig. 2.4-1)

Figure 1.1-2 Examples of Reference Manual Information

G-00926a

Pointers

E&V
Guidebook

V

EXAMPLES of Types of information Extracted:
e Description of Evaluation (E) Tools and Their Uses (e.q9., see Section 2.4)
e Description of Validation (V) Suites
e References to Other Documents Describing E or V Techniques
o Synopses of Other Documents That Cover Muitiple Techniques

Figure 1.1-3 Examples of Guidebook Information
1-3
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While the manual Is designed to be of use to people of all the classes

(==

Mﬂt& These are people wnth highly technical backgrounds and techmcal/manage-
rial interests in evaluating and selecting tools and APSEs. This expectation has b
strongly influenced the structure and style of the manual. The primary users are likely
to consuit both the Reference Manual and the Guidebook. Many of the other classes
of users listed in Table 1.2-1 are likely to consult the Reference Manual only.

L
S5

ale,

TABLE 1.2-1 >
REFERENCE MANUAL USERS g ®
!"',
(X
CLASS DESCRIPTION @ :":'
%)
Software Acquisition Government program officers and commercial »
Personnel program managers who let contracts for Ry ;;-
software development 2
APSE/Tool Users Project managers, librarlans, system ) .:;
engineers, software engineers B o
APSE/Tool Builders Environment/tool designers, implementers, ::‘.;
managers, marketing personnel o,
Wy
E&V Technology Users | Government, commercial and university :..:,
personnel applying E&V technology -y
E&V Technology Anyone developing E&V assessment techniques ',;.‘
Builders (E&V Task contractors, etc) B
g‘l
Investors Anyone funding development or use of £&V ::et
technology (Congress., AJPO, corporations, etc.) »
e
o

1.3 BACKGROUND

1E &= S =& 55 /A

In June 1983 the Ada Joint Program Office (AJPO) proposed the formation
of the E&V Task and a tri-service E&V Team, with the Air Force designated as lead

-
g
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E service. In October 1983 the Air Force officially accepted responsibility as lead serv- ;:f o
ice and designated the Air Force Wright Aeronautical Laboratories (AFWAL) at Wright e
Patterson Air Force Base as lead organization. In April 1984 an E&V Workshop was KON
l held at Airlie, Virginia. The purpose of the workshop was to solicit participation of in- e
dustry representatives in the E&V Task. Many of the participants in the workshop have :".E;;';.‘\
g chosen to remain involved as Distinguished Reviewers, and additional industry partici- é?"i
pants have subsequently become invoived in E&V Team activities. n o
e
»
I The E&V Team publishes an annual public report. The following para- y:':,“::'
graph is quoted from the 1987 version [@E&V Report 1987] of the report: - ::%::
B
“The Ada community, including government, .nddstry. and academic per- N
E sonnel, needs the capability to assess APSEs (Ada Programming Support o
Environments) and components and to determine their conformance to ap- };'\ .;:
plicable standards (e.g.. DoD-STD-1838, the CAIS standard). The technol- 8
ogy required to fully satisfy this need is extensive and largely unavailable; it ,.'..-:
cannot be acquired by a single government-sponsored, professional soci- -
ety-sponsored, or private effort. The purpose of the APSE Evaluation and e
Validation (E&V) task is to provide a focal point for addressing the need by o:i‘.o:h
ﬁ (1) identifying and defining specific technology requirements, (2) developing ety
selected elements of the required technology, (3) encouraging others to de- .:-.‘:-
velop some elements, and (4) collecting information describing existing ele- :‘0:(
l ments. This information will be made available to DoD components, oth 2r
government agencies, industry, and academia.” 27
' The team public reports contain much additional information for the inter- }‘:.
ested reader. Three competitive contracts have been awarded under the E&V task. )
These are: >
=
g ° Technical Support contract - awarded June 1985 .:::;‘
Foly e
. Ada Compiler Evaluation Capability (ACEC) contract - L
awarded February 1987 e
,.‘..
g . CAIS implementation Validation Capability (CIVC) contract - %:3:.
awarded May 1987. .0.'",:5
F e
0
The major purpose of the first of these contracts is to create and update ‘.“
i elements of the E&V Reference System, including this manual. The purpose of the ::5:3;:
o
7 e
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second and third contracts is to create two specific elements (ACEC and CIVC) of the
needed E&V technology.

1.4 ORGANIZATION OF THE MANUAL

Chapter 2 discusses the structure of the E&V Reference System (Refer-
ence Manual plus Guidebook) and the Classification Schema upon which that structure
is based. Specific directions as to how to use the manual are also included.

Chapter 3 provides a generai discussion of “whole APSE” issues,-in which
an APSE is viewed as more than the sum of its parts. Key whole-APSE attributes are
discussed along with general approaches to whole-APSE assessment.

Chapter 4 and subsequent chapters are “formal chapters” built around a

standard format and formal grammar. Each of the formal chapters corresponds to one
index of the Classification Schema. The structure and use of these chapters are the
focus of the material found in Chapter 2.

The appendices include a description of the formal grammar, a glossary of
acronyms and abbreviations, a document citation list, and a composite index.

5
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2. USE OF THE REFERENCE SYSTEM

This chapter provides a step-by-step explanation of how to use the E&V
Reference System and the Classification Schema upon which the system is based.
Section 2.1 describes the organization of the material. Sections 2.2, 2.3, and 2.4
contain illustrations of uses of the system, presented in increasing leve!s of
sophistication. Section 2.5 provides a global, conceptual view of the system
framework. User A (Section 2.2) consults an index of the Reference Manual to find the
description of a term that is an element of that index. User B (Section 2.3) consuits
an index to find an element and several cross references to related elements in
another index. User C (Section 2.4) consults a combination of indexes to find
references to sections in the Guidebook, which contain explanations of relevant
Evaluation or Validation techniques. Brief definitions of several key words and
expressions follow:

E&vV - Evaluation and Validation

Evaluation - Assessing performance and quality
Validation - Assessing conformance to a standard
E&V Reference System - Two documents:

the £E&V Reference Manual and
the E&V Guidebook

E&V Classification Schema - A set of indexes that provide a
framework for the E&V Reference
Manual.

The schema was initially described in an earlier "E&V Classification Schema Report”
(@E&V Classification], which was used as the starting point for the schema defined in
this manual. Subsequent changes in the schema will be updated in future versions of
this manuai; the schema report will not be updated.
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2.1 SYSTEM ORGANIZATION

The entire reference system can be viewed as a structure of muitipie
indexes. For example, there is a function index and a life cycle phase index, among
others. The structure is analogous to the card catalog system in a public library, with
its author index, title index, and subject index. To use the card catalog in the library,
you must first locate the card that corresponds to the author, title, or subject in which
you are interested. Similarly, to use the Reference Manual, you first find the
element(s) in which you are interested. The way to do this is to begin by looking at
the Table of Contents or the index at the back of the manual to locate the element(s)
in the “formal chapters.” The names of the indexes that are formal chapters within
the Reference Manual are:

° Life Cycle Phases (Chapter 4)

° APSE Tool Categories (Chapter 5)
° Attributes (Chapter 6)

° Functions (Chapter 7).

Figures 2.1-1, 2.1-2, and 2.1-3 provide a pictorial view of the organization
of the Reference Manual, particularly the structure of the reference material contained
in the “middie section.” The chapters of this middle section are organized in a
consistent, formal manner, using a formal grammar (described in Appendix C). A
typical chapter corresponds to one index of the schema. A typical index is organized
as a hierarchical structure of elements. For every element there is a “text frame” that
has (in general) three parts as shown in Fig. 2.1-3. The text frames are built using the
formal grammar. (Details of the formal grammar need not concern the user. It was
employed because of the possibility of a future on-line, electronic version of the
system, supported by advanced updating and information retrieval techniques.)
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The E&V Reference Manual
Has Three Parts, As Shown

il
’
‘!5 y /4
E
B

A

introductory
Chapters

formal manner.

L“l

'N

\N

Reference
Material

G-00927b

= Appendices & Index

Typically a chapter in the ‘‘Reference Material’’ section corresponds, to one
index of the Classification Schema. These chapters are organized in a consistent,

Figure 2.1-1

Reference Manual Organization

Structure
for Index 7
(Function)

A Typical Index is Organized as a
Hlerarchical Structure of Elements

G-00928b

7.Function

7.1 Transformation

7.1.1 Editing

7.1 2 Formatting

7.2 Management
7.3 Analysis

Each Element is Identified by a Number and a Name.

Figure 2.1-2

Reference Material Indexes
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For every Element there G-00929b

Is a Text Frame, which, in

general, has three parts

=

Index

RM 7. Function
7.1 Transformation

i Text Frame
7187 for Element
7.1.8.7

7.1.6.7 Compiiation
Description

Transiating a computer program
expres in ...

Cross References

[ )
Guidebook References

[ Completeness
devarbart®s ] }

Description: Is a brief definition of the element.

Cross References: Identify significant relationships with other elements
;a the same index or other indexes of the Reference
anual.

Guidebook References: Identify relationships involved in the statements of
E&V objectives and point to sections in the Guide-
book where information about how to satisty
objectives may be found.

Figure 2.1-3  Text Frames
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2.2 DESCRIPTION: DIRECT REFERENCE

Our first example of the use of the Reference Manual is “User A" who
consults the Attributes Index to find the description of the term “Storage Effectiveness.
Figure 2.2-1 is a copy of Section (or Text Frame) 6.4.31. User A may find this frame,
for example, by browsing through the Table of Contents or by looking up the term
“Storage Effectiveness” in the main Index at the back of the manual. Note that the
text frame contains Cross References and Guidebook References as well, but this
need not concern User A, who simply seeks a description. The User A scenario is
pictorially represented in Fig. 2.2-2, where the boxes are analogous to cabinets in a
library card catalog system. '

6.4.31 Storage Effectiveness
Description:

Those characteristics of the software which provide for minimum utilization of storage
resources in performing functions. [@RADC 1985] The choice between alternative
source code constructions based on those taking the minimum number of words of
object code or in which the information-packing . . . is high. [@DACS 1979}

Cross References:

Software Quality Factors:
[Efficiency 6.1.1]

Beneficial Quality Factors:

Adverse Quality Factors:

[Maintainability 6.2.2,
Verifiability, Testability 6.2.3,
Transportability 6.3.4]

Guidebook References:

[Compilation 7.1.6.7, @GB: IDA Benchmarks
Compilation 7.1.6.7, @GB: ACEC

SIw
N =

Figure 2.2-1  Sample Attributes Index Frame
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Figure 2.2-2 Example of Direct Reference: User A

2.3 CROSS REFERENCE

2 =

Our second example of use of the Reference Manual is “User B” who
would like to know the names and descriptions of functions associated with a particular
life cycle phase. User B first consuits the Life Cycle Phases Index, Chapter 4, which
outlines the various activities performed under the DoD-STD-2167 model
[@DoD-STD-2167] for project development. Chapter 4 relates the life cycle phases to
the functions typically found within an APSE and the deliverables that are produced in
each of the phases. A sample Life Cycle Phases index Frame is shown in Fig. 2.3-1.
This frame represents the sixth phase [4.6 Coding and Unit Testing] and the second
group of activities [4.6.2 Transformation] covered in each phase. The Software
Development File is the deliverable for this group of activities. User B finds 16

~ functions that might be performed during this activity listed in the text frame. In each
case another text frame is cross referenced in Chapter 7, the Functions index, where
more information about this function is found. The User B scenario is pictorially
represented in Fig. 2.3-2.
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4.6.2 Transformation
Cross References:
Deliverables:
[Software Development File (SDF)]
Functions:
[Text Editing 2.5l
Predefined and User-Defined Forms 7.1.2.3,
Assembling 7.1.6.6,
Compilation 7.1.6.7,
Conversion 7.1.6.8,
Macro Expansion 7.1.9.9,
Structure Preprocessing 7.1.6.10,
Body Stub Generation 7.1.6.11,
Preamble Generation 7.1.6.12,
Linking/Loading 7.1.6.13,
Interpreiation 7.1.6.14,
Requirements Reconstruction 7.1.7.2,
Program Generation 7.1.7.3,
Source Reconstruction 7.1.7.4,
Decompilation 7.1.7.5,
Disassembling 7.1.7.6)

Figure 2.3-1 Sample Life Cycle Phase Index Frame

2.4 GUIDEBOOK REFERENCE

Our third example of use of the Reference Manual is “User C" who would
like to look up a function, learn what attributes are associated with it, and find
evaluation techniques relevant to particular function-attribute pairs. User C first
consults the Function Index, Chapter 7. A sample Function Index Frame [7.1.6.7
Compilation] is shown in Fig. 2.4-1. Functions are related to life cycle phases and
tools. In the example, the function, Compilation, is related to three life cycle phases:
Coding and Unit Testing, CSC Integration and Testing, and CSCI Testing. The user of
the manual can refer to Chapter 4 to find more information about these phases. The
Compiler is the too! that performs the function Compilation. Information about
compilers can be found in Chapter 5. User C is interested in evaluation of the
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USER B G-06647
(93 REFERENCE
Phase MANUAL
Index
CHAPTER 4
N
Descriptions of s Functlon
Tnnsfornut;on Functions ( index
seful in v HAPTER 7
‘*Coding and Unit Test'' e
Phase

Figure 2.3-2 Example of Cross Reference: User B

compilation function with respect to various attributes. For example, the function-
attribute pair Compilation-Processing Effectiveness is represented by the fourth and fifth
items under Guidebook References in this text frame. This pair points to sections in
the Guidebook called IDA Benchmarks and ACEC which provide additional information
on these two E&V techniques. A user of the Reference Manual can find references to
these two techniques in the Attribute Index or the Function Index. The User C scenario
is pictorially represented in Fig. 2.4-2.
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7.1.6.7 Compilation MK
0
Description; oy
| \‘.'v:-
Transiating a computer program expressed in a procedural or problem-oriented language th
’ into object code. [@Kean 1985]
I‘".i*-’o
Cross References: R
] c‘ L* o
!
H Life Cycie Phases: ! "s..:‘-:;f..
[Coding And Unit Testing : 4.6.2, :}:ﬂ‘,
CSC Integration And Testing 4.7.2, So.t
I CSCi Testing 4.8.2] ;
X g Toois: )
| [Compiier 5.3.3]
‘ [Capacity 6.4.6, @GB: IDA Benchmarks 6.1; °
Completeness 6.4.9, @GB: ACVC 8.1; R
H Power 6.4.21, @GB: Compilation Checklist 5.1.3; )
‘ Processing Effectiveness 6.4.22, @GB: IDA Benchmarks 6.1; :
| Processing Effectiveness 6.4.22, @GB: ACEC 6.2: '
Storage Effectiveness 6.4.31, @GB: IDA Benchmarks 6.1; : i
Storage Effectiveness 6.4.31, @GB: ACEC 6.2] OL!
Figure 2.4-1  Sample Functions Index Frame RRRN
USER C W\
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Figure 2.5-1 depicts the Classification Schema as an internal framework for

the Reference Manual. The schema provides paths, within and between indexes, that

users can follow to extract information directly or to find sections in the Guidebook that

describe elements of E&V technology. The figure also indicates the direct
relationships, that is, types of cross references and Guidebook references featured in
the Reference Manual.

G-05097a
USERS
CONSULT
INDEX
CHAPTER 4
" Phase
— Index E&V
REFERENCE
CHAPTER 5 MANUAL
- Tool/ASPE
GENERAL index
REFERENCE
INFORMATION
EXTRACTED J = i
FROM Py Function ——— GB
INDEXES | <= @ . 4 E&V
AND CROSS CHAPTER 7 GUIDEBOOK
Index
" CHAPTER 6 ! !
- EAV E&V OBJECTIVES
Category AND TECHNIQUES
DESCRIBED IN THE
Table 2.5-1 GUIDEBOOK
Figure 2.5-1 The Schema as Frameawork for the Reference Manual
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The Function Index is seen to be directly related to all of the other
indexes. Thus, it is drawn in a central position in the diagram, indicating a kind of
central importance. Attributes, also, play a central role in the overall E&V process, in
two ways. First, many assessment objectives are defined in terms of function-attribute
pairs, such as compilation-efficiency and editing-power. Second, other attributes
(those not “pairing-up™ with functions) represent factors or criteria by which APSEs or
APSE components are assessed, independent of the functions performed. Examples
of the latter are: maintainability, interoperability, maturity, and cost.

Besides the direct relationships indicated in Fig. 2.5-1, indirect relationships
can also be useful and are constructed by combining two or more direct relationships.
For example, since phases and functions are related and functions and tools are
related, it is possible to determine the relationships between phases and tools. It
should be noted that not all such constructions will be useful. Such a useless
relationship might be life cycle phases and attributes related via function.

The conceptual structure pictured in Fig. 2.5-1 has an open-ended quality
in several ways. First, there is no fixed number of indexes; more can be added as
desired. As each new index is added a new section of the Reference Manual can be
added, providing appropriate definitions and cross-references to other indexes. The
new index would be represented by an additional block along the “main diagonal.”
Second, each individual index may have elements added to it as new understanding of
the various aspects of APSEs and the E&V process is gained. The process of
modifying the structure of an individual index in this way would take place within the
boxes. Finally, the off-diagonal space, above and below the main diagonal, represents
the notion that any two-way relationship may be included in the system. Thus, any
section may be referenced by other sections, and any section may reference other
sections. Also, any two indexes may be involved in a relationship of the type that
defines an E&V objective or points to an E&V technique in the Guidebook. Aithough
many of the potential combinations are not expected to be useful or relevant to E&V
purposes, the structure permits the consideration of all possibilities.

The procedures described in the Guidebook are organized into chapters by
the E&V Category of the procedure. The E&V Categorias are described in
Table 2.5-1. The two factors which determine what category is appropriate are
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TABLE 2.5-1
E&V CATEGORIES
CATEGORY/ BASIS FOR MECHANISM
GUIDEBOOK CHAPTER | ASSESSMENT CHARACTERZATION B
A/Chapter 5 Qualitative Informal (e.g., Subjective E
Judgment Questionnaire) Evaluation
B/Chapter 6 Metric Test Suite Objective g
Evaluation
C/Chapter 7 Conformance | Informal Intermediate
to a Standard
D/Chapter 8 Conformance | Test Suite Validation [
to a Standard %
E/Chapter 9 Conformance | Purely Formal Formal
to a Standard | Test Suite Validation

whether a standard exists with which to measure the attribute and what the mechanism
is to measure the degree to which the APSE or APSE component possesses the
attribute. The categories assigned to a function-attribute pair or functionally

independent attribute may change as E&V standards are identified or new techniques g
are developed where none previously existed. For that reason, techniques for a given
attribute or function-attribute pair may span several E&V Categories. Category A

a3

through E techniques are found in Chapters 5 through 9 of the Guidebook,

respectively.
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3. WHOLE APSE ISSUES

This chapter is intended as a starting place for those interested in
selecting or assessing an APSE considered as a “whole entity” that is “more than the
sum of its parts.” The chapter, therefore, cannot be organized in the index/text frame
style of other chapters in this manual, because that style fits the view of an APSE as a
collection of components or functions that can be evaluated one at a time and “added
up.” Here we take the opposite view — that the APSE is a total system which serves
a project team across an entire software development life cycle -- and that it should
be evaluated in terms of overall project goals and team productivity, rather than in
terms of individual atomic functions.

_ Although the technology of “whole APSE assessment” is (at this writing)
very immature, there are many helpful materials in the open literature. This chapter
may be considered a guide to that literature. It is organized to address the following
types of questions:

What is an APSE?

How can whole APSEs be viewed?

What are the key whole APSE attributes?
How can whole APSEs be assessed?
Where can relevant information be found?

The first four questions are addressed in Sections 3.1 through 3.4, respectively.
Various references to other sections of the E&V Reference Manual (RM), the E&V
Guidebook (GB), and open-literature sources are distributed throughout the chapter.

3.1 APSE DEFINITIONS AND ALTERNATIVE NAMES

The acronym APSE stands for “Ada Programming Support Environment.”
The term “Programming Support Environment” is defined in the “IEEE Standard
Glossary of Software Engineering Terminology” [@IEEE 1983] as

3-1
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“An integrated collection of tools accessed via a single command
language to provide programming support capabilities throughout the
software life-cycle. The environment typically includes tools for design,

editing, compiling, loading, testing, configuration management, and project ﬁ
management.”

Thus, one useful definition of an APSE Is the above quotation along with the stipulation 3
that there be at least one Ada compiler among the tools provided. A similar definition

for the term IPSE. which stands for “Integrated Project Support Environment,” is given - @
[@Lehman and Turski 1987] as

“An embodiment of software technology in a collection of tools for @

capture, representation, control, refinement, transformation, and other

manipulation of project related information.” @
)

The second name and definition are broader than the first because they refer to total
“project” support and information, rather than “programming” support and programs.
The distinction between the two is highlighted not only in the Lehman and Turski
paper, but in many others, including a survey paper by Houghton and Wallace
[@Houghton and Wallace 1987]. The latter uses the following terms to characterize

most existing environments: g
° Framing Environments =
° Programming Environments

° General Environments.

Framing environments concentrate on the early stages of the life cycle and tend to be
methodology-specific. Programming environments concentrate on the latter part of the
life cycle and are oriented toward programming. debugging, and testing. General
environments contain basic tools that support all phases of the life cycle and tend to
be methodology-free.

& =E B3

Both of the above definitions and discussion are limited in that they are
tied to one, traditional view of an APSE. In this view an APSE (or IPSE) is seen as a
collection of tools. The following section presents additional views, any of which may
become increasingly important to those who wish to select or evaluate APSEs of the

future. g
"o
gy
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Additional acronyms found in the literature on this same general topic are
listed below, among others mentioned previously.

i
APSE - Ada Programming Support Environment
. IPSE - Integrated Project Support Environment
PSE - Programming Support Environment
l SDE - Software Development Environment
k SEE - Software Engineering Environment
\
B

The term SDE, for example, has been used in the title of several ACM-sponsored
conferences, and is the subject of an IEEE tutorial [@IEEE 1981]. All of the above are
possible key words, under which may be found useful material on whole APSEs or

@ whole APSE E&V, the subject of this chapter.

Eﬁ A definition of an APSE, based on the concept of a collection of tools, is
: limited in the sense that it describes only a portion of the total environment for software
I development. As discussed in the paper “The Ecology of Software Environments”

[@Wasserman 1981a], the total environment or “surroundings” includes such things as
the computer itself, peripheral storage and display devices, project management
practices, organizational characteristics, and external constraints such as governmental
directives and physical workspace factors. All of the above will influence the
development and application of whole APSE evaluation techniques.

% A

3.2 VIEWS OF AN APSE

Various ways of viewing an APSE are summarized briefly below. The
views differ in terms of both how an APSE is seen -- that is, what sort of conceptual
model does the viewer hold -- and by whom is the APSE viewed —- for example, the
APSE user would typically have a different view than the APSE builder. The views
presented are not necessarily mutually exclusive; an individual's view of a specific
APSE may combine aspects of several of the following notions.

3.2.1 APSE Viewed as a Collection of Tools

This is the traditional view of programming support environments, and i3
consistent with the standard definition quoted in the previous section. An advantage of
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taking this view is that it permits the viewer to characterize an APSE in terms of
elements of a functional taxonomy, such as that provided in Chapter 7 [Functions 7].
The characterization can be stated in terms of yes/no answers to a long list of clearly
defined questions —- is function x.y.z provided or is it not? A disadvantage of this
view is that it may cause the viewer to neglect the crucial whole-APSE issues that are
the subject of this chapter, and which are impossible to express in terms of a
composition of indlvidual low-level functions.

One version of this view is given in the Stoneman Report (@DoD 1980],
which pictures a muiti-layered, extensible collection built around an inner kernel
(KAPSE) and a surrounding minimal (MAPSE) layer of essential tools. This version
may have more relevance for APSE builders than for APSE users, since users need
not necessarily be aware of the layer in which a particular tool resides.

3.2.2 APSE Viewed as a Methodology-Support System

In this view an APSE is seen as a system that supports a particular
development methodology or a particular model of the software development prccess.
It might be strongly tied to a standard set of deliverable products and phases such as
those required by the U.S. Department of Defense [@DoD-STD-2167] for mission
critical software. It might be based upon a coherent software development and
maintenance methodology, such as that described in “Life-Cycle Support in the Ada
Environment” [@McDermid and Ripken 1984]. The latter expresses the view that,
“The purpose of a tool is to support a method by automating some aspect of the use
or application of the method.”

3.2.3 APSE Viewed as an Information Management System

In this view primary emphasis is placed on how project information is
stored, retrieved. manipulated, and maintained over the entire life cycle. A key issue
is the set of interfaces between tools and the project data base [@Houghton and
Wallace 1987]; the data base may be considered a tool that is used by other tools
and therefore is the interface between them. Another key issue is the control of
access to information, and how this is affected by data structure models -- such as
hierarchical, relational, transactional, etc. McDermid [@McDermid 1985] envisions
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three generations of environments as follows. The first generation would be a
conventional collection of Ada tools tied to a Unix-like environment. The second
generation would be based on a data base schema that provides appropriate life cycle
support, but has a static, non-adaptive structure. The third generation would provide a
dynamic, adaptive information management system that can encapsulate any
underlying data base schema.

Another key set of issues to be addressed are those specific to the Ada
compilation process. A unique feature of the Ada language is that inter-unit
dependencies exist at compilation time. Source code units can be compiled
separately, but not independently. The implications of this feature are discussed
further in Section 3.3.1 under Integrity.

3.2.4 APSE Viewed as a User-Qriented. Interactive System

This view emphasizes user interfaces and human factors. According to
the authors of a survey paper [@Houghton and Wallace 1987], “Many systems that
measure poorly in terms of human factors, including most traditional operating systems,
have withstood the test of time. . . . The real users are the systems programmers or
gurys.” (But, in the future) “Software engineéring environments . . . should not
require a system expert as an interface between the software engineer and the
environment.” A conference overview paper [@Henderson 1987] sees “a trend
toward the use of graphics.” The desire for graphical interactive workstations is
echoed in a paper on personal development systems [@Gutz et al 1981] with the
words, “time sharing is an idea whose time is gone.” An important set of issues
concerns the different roles of various users of the system, different modes of use for
each, and how the system orients its support to the current user/mode. An influential
set of concepts has come from the world of artificial intelligence, such as the
“incremental enrichment” style of LISP program development [@Barstow and Shrobe
1981].

3.2.5 APSE Viewed as a Knowledge-Based Expert System

In this view components of an APSE (or conceivably the entire APSE) are
created as expert systems based on the past experience of human experts in specific
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domains. One issue of IEEE Expert [@EEE Expert 1986] contains a collection of
papers which address this possibility. A paper in this collection (@Zualkernan et al
1986] outlines some steps to determine the feasibility of this approach and treats the
specific area of software testing as a case study. This view may be considered a
special, advanced case of the preceding view, where the style of user-interaction is
that of an “expert assistant.”

3.2.6 APSE Viewed as a Stable Framework

This view has been advocated by C.M. McKay of U. Houston Clear Lake
[@McKay 1987], and is motivated by the need to support large, complex, non-stop,
distributed, long-lived systems such as the NASA Space Station. The APSE is viewed
as a staole framework to which new or improved tools can be added over time without
interfering with or invalldating previous work. The framework is defined in terms of
standard phases and deliverables, in one dimension, and stable interface sets
separating tools and various classes of objects, in the other dimension. Ideally, the
stability of the framework and its interface sets will allow both the flight system and its
support environment to evolve incrementally as reliable, maintainable systems.

3.3 KEY ATTRIBUTES OF WHOLE APSES

This section provides a brief discussion of what appear to be some of the
key whole-APSE attributes. The discussion is organized in accordance with the
attribute taxonomy [Attributes 6] given in Chapter 6 of this manual, which employs
three top-level “acquisition concern” categories:

) Performance Attributes (6.1)
) Design Attributes (6.2)
° Adaptation Attributes (6.3).

Under each of these is a second-level set of “quality factors”, such as Efficiency,
Integrity, etc. These are further decomposed into “criteria”, some of which apply to
more than one quality factor. All the criteria attributes are listed alphabetically in
Section 6.4 of the Attributes Index.
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The definitions given in Chapter 6 are very component-oriented. For
example, the definition of Efficiency [Efficiency 6.1.1] includes the words, “The extent
to which a component fulfills its purpose using a minimum of computing resources.” A
whole-APSE version of the definition of Efficiency might read, “The extent to which an
APSE supports life cycle phases using a minimum of development-team resources.”
This same kind of language modification is used throughout the discussion to foliow.

The selection of attributes highlighted below has been influenced by
discussions within the E&V Team and by the following papers (some of which make
reference to many other papers): “Toward Integrated Software Development
Environments” [@Wasserman 1981b], “Software Development Environment Issues as
Related to Ada" [@Notkin and Haberman 1981], “Essential Properties of IPSEs”
[@Lehman and Turski 1987], and “Characteristics and Functions of Software
Engineering Environments: An Overview” [@Houghton and Wallace 1987].

A quotation from another paper by Wasserman [@Wasserman 1981a]
perhaps best sets the stage for this discussion of key whole-APSE attributes. He says.
“The goal is to create an environment that not only enhances developer productivity

but also supports the creation of syperior products.”

3.3.1 Performance Attributes

[Efficiency 6.1.1] - As stated above, efficiency, in the whole-APSE context,
is measured in terms of resources used by an entire team in performing an entire
phase or major “chunk” of work during development of a software product. This
attribute is clearly related to the overall project goal of team productivity.

(Inteqrity 6.1.2] - This attribute deals with the extent to which access to
the software environment or other data is controlied, especially for the purposes of
monitoring status, preserving integrity of different versions, and controlling changes. It
is an attribute of an important set of management functions that greatly influence team
productivity and product quality.

A critical aspect of this attribute concerns the treatment of the unique Ada
feature (discussed in Section 3.2.3) associated with inter-unit dependencies. In




E&V Reference Manual, Version 1.0

managing Ada program library units strict rules apply to the order of compilation. As a
project is developed, obsolete units need to be recompiled, compilation order changes,
and Ada closure sets may be redefined. Therefore, the APSE's management of Ada
source and object modules should be assessed with these special requirements in
mind.

[Usability/Anomaly Management 6.1.5/6.4.2]

and

[Usability/Cost 6.1.5/6.4.11]

and

[Usability/Maturity 6.1.5/6.4.18] - These are the aspects of usability that
naturally concern managers and controliers of facility investment resources. Anomaly
management affects the probability that an APSE will be functionally ready at some
specified point in time. It must operate, of course, on available hardware. Absence of
such availability in a timely way would naturally be disastrous.

Cost includes the cost of purchase or lease, installation, user assistance,
and maintenance. Its importance is self-evident.

Maturity is the extent to which an APSE has been used in the development
of deliverable software by typical users and to which the feedback from that use has
been reflected in improvements.

(Usability/Qperability 6.1.5/6.4.20]

and

[Usability/Training 6.1.5/6.4.36] - These represent the human-factors
aspects of usability such as ease-of-use, ease-of-learning, on-line helo features, and
consistency of interfaces. This set of attributes will have a major influence not only on
long-term procuctivity, but on the early acceptance of an APSE by individuals and the
team as a whole. The resulting impact on motivation and team spirit can be crucial.

§
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3.3.2 Design Attributes
[Correctness/Completeness 6.2.1/6.4.9] - This is the extent to which an

APSE supports the complete set of operations necessary to perform its intended
function, which is to provide full support to a development team across an entire
product life cvcle. This attribute could be interpreted in a minimal way, listing only
truly essential (MAPSE) functions necessary for a particular project. Alternatively, it
could be interpreted as a list of functions desired to provide the capability to produce
high-quality products.

[Maintainability/Seif-Descriptiveness 6.2.2/6.4.28] - In the whole-APSE

context the aspect of this attribute to be emphasized concerns the underlying data
base or schema used to store and retrieve project data. In one of the papers cited
above [@Lehman and Turski 1987] this attribute was called data-structuredness. The
Ada-Europe document “Selecting an Ada Environment” [@Lyons and Nissen 1986)
says, “It is now generally recognized that the totality of information that a project must
store, consists not only of individual entities containing data but aiso of the
relationships between them, such as the facts that a particular object file has been
compiled from a particular source file, that a source file implements a particular
specification, or that an error report relates to a particular relegse of a system.”

[Verifiability, Testability 6.2.3] - This is the extent to which an APSE

facilitates evaluation of its own performance, so that productivity and quality metrics
can be gathered and analyzed. It is through the use of this attribute that the
extensibility (see below) of an APSE can be exploited effectively in a continual process
of improvement.

3.3.3 Adaptation Attributes
[Expandability/Augmentability 6.3.1/6.4.4] - This is the extent to which an

APSE facilitates the addition of new capabilities in response to needs that go beyond
its original requirements. The new capabilities could include new functions, expanded
data capacity, or new types of data relationships. The word used to describe this
feature in several of the papers cited above is extensibility. Given the current state of
the art and rapid pace of change of environment technology, the presence of this
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quality (however it is achieved) appears necessary in order to provide a path for
evolutionary improvements.

(Interoperability/Commonality 6.3.2/6.4.7] - This is the ability of APSEs to

exchange data base objects and their relationships without conversion of formats, and

the use of interface standards (e.g., CAIS [@CAIS]) to facilitate such exchanges.

[Transportability 6.3.4] -~ This is the extent to which an APSE supports the
movement of software components to or from another APSE without change in
functionality or reprogramming, and the use of interface standards (e.g., CAIS) to
facilitate such movements.

3.4 APPROACHES TO WHOLE-APSE E&V

This section provides a brief discussion of approaches to whole-APSE
assessment, including both evaluation of performance and quality, and validation of
conformance to standards. References to Guidebocok sections and other documents
are included, in cases where there are known examples of existing assessors or
assessment products under development. Such assessors can be categorized
generally as either “tools” or “aids.” A more refined breakdown is the following:

° Benchmarks and Test Suites (Tools)

° Questionnaires (Aids)

. Monitored Experiments (Aids that may use Tools)

° Decision Aids (Aids that may use Tools and other Aids).

These are discussed, in turn, in the following four subsections.

3.4.1 Benchmarks and Test Suites

Benchmarks are standard tests used to measure the execution,
performance or acceptability of an APSE function or set of functions. A test suite is
an organized collection of such tests. The Ada Compiler Validation Capability
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[@ACVC 1986] is a test suite designed to test conformance of an Ada compiler to the
formal definition of the language [@DoD 1983]. A prototype compiler performance
evaluation test suite has been generated by the Institute for Defense Analysis [@GB:
6.1], and a more carefully engineered set known as the ACEC or Ada Compiler
Evaluation Capability [@GB: 6.2] is being developed, under an E&V Task contract, by
the Boeing Company. Another collection of Ada compiler performance tests has been
gathered by the ACM SIGAda Performance Issues Working Group [@PIWG 1987].
Results of these tests, run on a number of commercial compilers, will be published in
the open literature.

3.4.2 Questionnaires

Questionnaires are used to gather data from venders or users of tools and
APSEs. Examples of such data might include specification parameters, design
features, historical information, typical usage scenarios, implementation strategies,
enhancement plans or desires, and problem reports. An early example, in Ada terms,
of such & questionnaire was one applied to the evaluation of the ROLM Ada Work
Center [@Castor 1983].

A whole-APSE-oriented example of the use of questionnaires is the book
“Selecting an Ada Environment” [@Lyons and Nissen 1986], which is synopsized in
the E&V Guidebook [@GB: 4.12]. The book is organized around background
discussions of various topics followed by appropriate questions addressing each topic.
The final chapter begins with the following set of high-level questions appropriate for a
potential purchaser of an APSE:

a) What does the environment consist of?

b) in particular, what tools are supplied?

c) What are the deliverables?

d) What does it cost?

e) What support is available?

f) Can extra tools be added to the environment easily?
a) What are the conditions of use (number of users,

involvement of third parties, etc)?

iy
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h) What hardware and software resources (Inciuding licenses)
are needed to support the environment?”
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More detailed questions follow, under specific headings such as support, interfaces,
and other issues.

3.4.3 Monitored Experiments

Monitored experiments, based on model projects involving an aggregation
of APSE functions or tools, can be performed using APSEs or APSE components to
gather data in a systematic and controlled manner. These experiments can be used
for both qualitative an‘; quantitative assessments of the functionality, usability, and
performance, as well as for the more informal characteristics of APSEs.
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4. LIFE CYCLE PHASES

et
NN
i
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This chapter deals with the life cycle phases served by the support oty
U
environment. The foundation for this discussion is DoD-STD-2167 [@DoD-STD-2167]. '

OO
(K

iNe phases that are chosen to represent the proare on Of act 8BS gependg on the Y

view that a person has of the APSE. If one thinks of the APSE as only providing an KT

()
environment for developing software, then the phases can be limited to the following six: et

AR
KM
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j | . RRRRK
) Software Requirements Analysis Py
"1';;'3;

. Preliminary Design .:‘::;:;'y.
UAY)
Detailed Cesign o

'l'.' )

Coding and Unit Testing a0t
CSC Integration and Testing
CSCI Testing.

However, if one sees the APSE as providing support across the entire
system life cycle (Integrated Project Support Environment, or IPSE, rather than APSE) -
[Whole APSE Issues 3.], then the following five phases should be added as well:

[ ] [ ] [ ] [ ]

System Concepts

° System Requirements Analysis
° System Integration and Testing
° Operational Testing and Evaluation

Change Requirements.

Of the above five phases, the first two precede the six software
development phases and the next two follow the six phases in the overall system life
cycle. The last phase, change requirements, is a phase that may be started in
parallel with any of the other phases and addresses the issues of enhancement, error
correction, and modification.
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Also, a global life cvcle ‘phase’ is introduced. This is not a true life cycle
phase but is really a phase—less abstractlon wwm

sngmﬁc_m_a_amgle_nhamummnbam An example of a global function is
general purpose text editing.

Chapter 5 of DoD-STD-2167 lists the detailed activities for each of the six
software development life cycle phases. These activities fall into the following four
general areas:

° Management
° Transformation
° Analysis

° Operation and Support.

These four activities are used as a second-level of classification under each top-level

. life cycle phase division of this chapter.

Figure 4-1 shows the relationships between the life cycle phases and the
other elements in the Reference Manual. Each of the life cycle phases are described
in the following sections and under each section are four subsections that ‘'deal with
each of the general areas of activities. The functions specified for each of the life
cycle phases are those that are typically used in the phase.

G-04763

LIFE-CYCLE PHASES FUNCTIONS

DELIVERABLES

Figure 4-1  Life Cycle Phase Relationships
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4.1 SYSTEM CONCEPTS
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4.1.2 Transformation

&4

Cross References:
Deliverables:

" Functions:
[Text Editing 7.1.1.1]
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4.1.3 Analysis

Cross References:

Deliverables:

Functions:
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4.1.4 Qperation And Support
Cross References:

Deliverables:

Functions:
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42 SYSTEM REQUIREMENTS ANALYSIS

Description:
4.2.1 Management
Referen :

Deliverables:

Functions:
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4.2.2 Transformation

Deliverables: &
[Operational Concept Document (OCD),
System/Segment Specification (SSS),

Prime item Development Specification] ﬁ'

Functions:

[Text Editing 7044, g
Predefined and User-Defined Forms 7.1.2.3,
System Requirements Translation 7.1.6.1,

Requirements to Natural Language Translation 7.1.6.3] @
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4.2.3 Analysis

Deliverables: ] ‘e‘;é

Functions: Qi
[Requirements Simulation 7:8.2:1,
Requirements Prototyping 7.3.2.2)
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4.2.4 Qperation And Support
Cross Retferences:
Deliverables:

Functions:
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43 SOFTWARE REQUIREMENTS ANALYSIS

Description:

Those activities of the life cycle pertaining to the establishment of system
requirements and a complete set of functional, performance, and interface

requirements for each CSCl. [@DoD-STD-2167: 5.1]

Deliverables:
[Software Development Plan
Software Standards and Procedures Manual
Software Configuration Management Plan
Software Quality Evaluation Plan

Functions:
[Predefined and User-Defined Forms
Specification Management
Program Library Management
Resource Estimation

(SOP),

(SSPM),
(SCMP),
(SQEP)}

N NN~
b o o -
N =
aNpw




E&V Reference Manuai, Version 1.0

4.3.2 Transformation
Cross References:

Deliverables:
(Operational Concept Document
Software Requirements Specification
Interface Requirements Specification

Functions:
[Text Editing
Predefined and User-Defined Forms
Software Requirements Translation

Requirements to Natural Language .Transiation
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4.3.3 Analysis
Cross References:
Deliverables:
Functions:
[Tracking 7.2.2.6,
Data Flow Analysis 7.3.1.3,
Functional Analysis 7.3.1.4,
Interface Analysis 7.3.1.5,
Traceability Analysis ~ 7.3.1.8,
Testability Analysis 7.3.1.7,
Test Condition Analysis © 7.3.1.8,
Quality Analysis 7.3.1.9,
Requirements Simulation 7.3.2.1,
Requirements Prototyping 7.3.2.2)
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4.3.4 Qperation And Support
Cross References:
Deliverables:

Functions:
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4.4 PRELIMINARY DESIGN

Description;
Those activities in the life cycle pertaining to the development of a modular, top-level
design of each CSC! from the software requirements. [@DoD-STD-2167: 5.2]

4.4.1 Management
Cross References:
Deliverables:
(Software Development Plan (SDP),
Software Standards and Procedures Manual (SSPM),
Software Configuration Management Plan (SCMP),
Software Quality Evaluation Plan (SQEP)]
Functions:
[Predefined and User-Defined Forms 7.1.2.3,
Specification *4anagement (RRnGy
Program Library Management 7.2.1.7,
Resource Estimation 7.2.2.5]
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4.4.2 Transformation

=

Cross References:
-y

Deliverables: &
[Software Top Level Design Document (STLDD),
Software Detailed Design Document (SDDD), g
Interface Design Document (IDD),
Data Base Design Document (OBDD)]

Functions: &
[Text Editing 7.1.1.1,
Predefined and User-Defined Forms 7.1.2.3,
Preliminary Design Translation 7.1.6.4, -
Design Generation 7.1.7.1
Requirements Reconstruction 71.7.2 -
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' 443 Analysis e
0
N
| Cross References: Vi
' iy
Deliverables: X
[Software Test Plan (STP)] :!: " ¢
S it
: \]
Functions: -
[Predefined and User-Defined Forms 7.1.2.3, R
Tracking 7.2.2.6, : .-:;;{:.;
Interface Analysis 7.3.1.5, R
Quality Analysis 7.3.1.9, ::' e
Complexity Measurement 7.3.1.10, SO
' Completeness Checking 7.3.1.12, -
Consistency Checking 7.3.1.18, AR
Cross Reference 7.3.1.17, fehihe!
Invocation Analysis : 7.3.1.19, i
Scanning ' 7.3.1.20,
Structured Walkthrough 7.3.1.21
Simulation and Modeling : 7.3.2.3. !
Design Prototyping 7.3.2.4, vy
Formal Verification 7.3.3] .
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Ao
.g:;.:‘, {
X A {
)
Ny
l“ﬂ".'..‘
e
A

b t'gl.




™ XS VTN TN TN NN TR R A TR WD RN R R TR YR UG A

E&V Reference Manual, Version 1.0

4.4.4 Operation And Support

Cross References:

Deliverables:
{Computer System Operator's Manual (CSOM),
Software User's Manual (SUM),
Computer System Diagnostic Manual (CSDM),
Computer Resources Integrated Support Docuiment (CRISD)]

Functions:
[Predefined and User-Defined Forms 7.1.2.3]
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45 DETAILED DESIGN pON.

.;‘..‘..‘G‘
Those activities in the life cycle pertaining to the development of a modular, g::.:‘-,.;,‘
detailed design of each CSC! from the preliminary design. [@DoD-STD-2167: 5.3] !g:;dg.;.:.f

Deliverables: o
[Software Development Plan (SDP), ",
Software Standards and Procedures Manual (SSPM),

Software Configuration Management Plan (SCMP), .6"".‘-’3':.
Software Quality Evaluation Plan (SQEP)] B

Functions: . !
[Predefined and User-Defined Forms 7.1.2.3,
Specification Management 7.2.1.6, e
Program Library Management 7.8.1.7, ) o'_,::«
Resource Estimation 7.2.2.5] N
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i

4.5.2 Transformation

==

Cross References:

Deliverables:
{Software Detailed Design Document (SDDD),
Interface Design Document (I0D),
Data Base Design Document (OBDD),
Software Development File (SOF)]

Functions:
[Text Editing ,

Predefined and User-Defined Forms
Detailed Design Translation

Design Generation

Requirements Reconstruction
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4.5.3 Analysis
Cross References:

Deliverables:

[Software Test Description

Functions:

[Predefined and User-Defined Forms
Tracking

Interface Analysis
Quality Analysis
Complexity Measurement
Completeness Checking
Consistency Checking
Cross Reference
Invocation Analysis
Scanning

Structured Walkthrough
Simulation and Modeling
Design Prototyping
Formal Verification
Symbolic Execution
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7128,
7.2.2.6,
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